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logn/Pas

S.1. Experimental Details
Chemicals

The five aprotic ILs used for viscosity measurement (see Table S.2 below) were obtained from
Sigma-Aldrich, and were used as received (water content < 100 ppm).

Viscosity measurement

Dynamic viscosities of the samples were obtained by using an Anton Paar Lovis 2000 ME rolling-

ball viscometer (precision level, £0.001 mPa s) within a temperature range of 293-343 K (precision
level, £0.01 K) at 5 K intervals.
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Figure S.1. Dynamic viscosity values on increasing temperature for a representative series of ILs and fits
(solid lines) to - (left) modified MYEGA, and (right) modified VFT equations. Data for [C,mim]BF,,
[Comim]NTf,, [Comim]OAc, and [Comim]MeSO; are given in Table S.4, data for the rest of the ILs were
taken from the references listed in Table S.2 (see below).
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Table S.1. Chemical structures of the cations and anions of the ILs surveyed in this work.
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Table S.2. List of ILs surveyed in this work, references from which Tgs, and viscosity data were
taken; the full reference list can be found in the references section of the Sl (see below).

ILs Refs. for Tgs Refs. for
viscosity data
1-ethyl-3-methylimidazolium tetrafluoroborate, [Comim]BF, [1] this work
1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide, [2], [3], [4] this work, [2],
[Comim]NTH, [25]
1-ethyl-3-methylimidazolium trifluoromethanesulfonate, [Comim]TfO [5] this work
1-ethyl-3-methylimidazolium acetate, [Comim]OAc [6], [7], [8] this work
1-ethyl-3-methylimidazolium methanesulfonate, [Comim]MeSO; [9], [16] this work
1-ethyl-3-methylimidazolium ethylsulfate, [Comim]EtSO, [9],[10] [11]
1-ethyl-3-methylimidazolium dicyanamide, [Comim]DCA [12] [13]
1-ethyl-3-methylimidazolium hydrogensulfate, [Comim]HSO, [14] [15]
1-ethyl-3-methylimidazolium diethylphosphate, [Comim]DEP [16], [17] [18]
1-butyl-3-methylimidazolium tetrafluoroborate, [C,mim]BF, [19], [20] [21]
1-hexyl-3-methylimidazolium tetrafluoroborate, [Cemim]BF, [22], [25] [23]
1-octyl-3-methylimidazolium tetrafluoroborate, [Csmim]BF, [22], [25] [24]
1-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide [2] [2]
[C;mim]NTH,
1-hexyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide [2] [2]
[Cemim]NTH,
1-octyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide [2], [25] [2]
[Cemim]NTH,
1-butyl-3-methylimidazolium hexafluorophosphate, [Csmim]PFg [26] [27]
1-octyl-3-methylimidazolium phosphate, [Csmim]PFg [24] [28]
1-butyl-3-methylimidazolium tetrachloroferrate, [Csmim]FeCl, [29] [29]
1-butyl-3-methylpyridinium tetrafluoroborate, [C,mPy]BF, [25] [25]
1-butyl-3-methylpyridinium bis(trifluoromethanesulfonyl)imide, [25] [25]
1-hexyl-3-methylpyridinium bis(trifluoromethanesulfonyl)imide [25] [25]
[CemPyINTf,
1-octyl-3-methylpyridinium bis(trifluoromethanesulfonyl)imide, [25] [25]
[CemPyINTf,
1-ethyl-3-methylpyridinium ethylsulfate, [ComPy]EtSO, [25] [25]
1-ethylnicotinium ethylsulfate, [Et,Nic]EtSO, [25] [25]
1-butyl-3-methylimidazolium docusate, [C4smim]AOT [30] [31]
Tetrabutylammonium docusate, [N4444]JAOT [25] [25]
Heptyltrimethylphosphonium docusate, [P4447/]AOT [32] [32]
Butyltrimethylammonium bis(trifluoromethanesulfonyl)imide, [33] [34]
[N4114]NTH,
Tributylmethylammonium bis(trifluoromethanesulfonyl)imide, [35] [34]
[Naaa 1]NTH,
Trihexyltetradecylphosphonium bis(trifluoromethanesulfonyl)imide, [36] [37]
[Pegs.14]NTT,
Triethylammonium methanesulfonate, [N22 ,JMeSO, [38] [38]
Trimethylammonium dihydrogenphosphate, [N411,0]H2PO, [38] [38]
Ethylammonium hydrogensulfate, [N o]HSO,4 [38] [38]
Butylammonium hydrogensulfate, [N4g.o]HSO4 [38] [38]
Ethylammonium nitrate, [N2g0JNO3 [38] [38]
Decahydroisoquinolinium bis(trifluoromethanesulfonyl)imide, [39] [39]
[DHIQ]NTf,
Decahydroisoquinolinium isobutyrate, [DHiQJisoB [39] [39]
Decahydroisoquinolinium formate, [DHIQ]JFm [39] [39]
Decahydroisoquinolinium hydrogensulfate, [DHIQJHSO, [39] [39]
Decahydroisoquinolinium methanesulfonate, [DHiQ]MeSO; [39] [39]
1,8-diazabicyclo-[5,4,0]-undec-7-ene trifluoromethanesulfonate, [40] [40]




[DBUJTfO

1,8-diazabicyclo-[5,4,0]-undec-7-ene acetate, [DBU]JOAc [40] [40]
1,8-diazabicyclo-[5,4,0]-undec-7-ene methanesulfonate, [40] [40]
[DBU]MeSO4

1-methylpyrinidium hydrogensulfate, [C,Py]HSO, [41] [41]
1-methylpyrrolidinium hydrogensulfate, [C41Py]HSO, [41] [41]
1-methylimidazolium hydrogensulfate, [Comim]HSO, [41] [41]
1-butyl-3-methylimidazolium chloride, [C,;mim]CI [42] [43]
1-octyl-3-methylimidazolium chloride, [Csmim]CI [44] [45]




Table S.3. Modified MYEGA- and modified VFT-fitted mean Tgs and dynamic fragilities (m)
(experimental Tgs listed for comparison purposes, see Table S.2 for their sources)

ILs Experimental T, | MYEGA-Fitted Tyand | MYEGA-fitted T, and | VFT-fitted Tgand m
/K matn, = 102%03Pas | matn,=1027%2Pgs | atn, = 103%%03Pgs
[Comim]BF, 178 173+13, 82+13 184+10, 95+12 164+16, 113£32
[Comim]NTf, 170, 181, 186 172x11, 8112 18310, 93+12 16514, 117+40
[C.mim]TfO 180 171x10, 7710 18018, 87+10 16413, 108+25
[C.mim]OAc 193, 196, 207 19717, 85+8 20346, 938 20748, 158126
[C.mim]MeSO; 21 19117, 7948 19816, 87+8 19818, 13727
[Comim]EtSO, 189, 192 1827, 7711 18845, 837 177+8, 98+17
[Comim]DCA 177 172+15, 9017 184+12, 10717 155+15, 120+34
[Comim]HSO, 199 193+4, 63+4 19743, 66+4 201x5, 95+11
[C.mim]DEP 204, 207 20015, 777 2044, 836 2097, 13320
[Csmim]BF, 187 18517, 77+9 18916, 83+8 18518, 108+20
[Cemim]BF, 188, 194 18917, 75+8 19214, 79+5 19047, 104+18
[Cemim]BF, 190, 192 19015, 7246 1954, 775 19915, 119+16
[Csmim]NTf, 186 182112, 83+15 19019, 92+10 171£12, 103+26
[Cemim]NTf, 192 1[85+8, 82+11 18415, 91+9 190+10, 139+29
[Cemim]NTf, 189, 193 18748, 80+10 19216, 86+8 19219, 135+26
[Csmim]PFg 191 18446, 717 193+3, 78+3 1915, 101£15
[Csmim]PFg 194 19545, 7072 19843, 74+4 19946, 99+14
[Csmim][FeCl,] 188 175+10, 80£12 18348, 90+12 172413, 119£29
[CsmPy]BF, 197 19415, 80+8 19914, 87+6 19815, 119+17
[CsmPyINTf, 189 18110, 80+13 18818, 88+8 173x11, 101£24
[CemPyINTf, 191 184+7, 79192 19015, 87+6 180+8, 105+19
[CemPyINTf, 193 18715, 78+9 19315, 867 19318, 13423
[C.mPY]EtSO, 202 214%3, 755 2172, 794 2234, 118+12
[Et;Nic]EtSO, 211 214%2, 765 218x1, 822 2234, 117+13
[C,mim]AOT 209 196+4, 60+4 199+4, 62+4 1974, 77+9
[N4as 4JAOT 211 208+3, 654 214%2, 693 220x4, 94+10




[Pass 7JAOT 197 20343, 6744 20543, 70+3 20944, 96+10
[N4114]NTf; 193, 198 18848, 80+9 19416, 88+8 19548, 139+26
[Naaa 1]NTH, 201 204+4, 80+72 20843, 8514 21044, 122+15
[Pess,14]NTT, 195 17545, 635 18044, 674 17046, 76x11°
[N222,0]MeSO4 176 19519, 8511 20347, 96110 199+10, 14532
[N111,0]H2PO4 237 22513, 6413 22742, 6712 23614, 100+10
[N200,0]HSO4 177 18016, 62+7 18615, 68+4 18048, 88+15
[N400,0]HSO4 210 2074, 7245 21043, 7544 21945, 121+14
[N200,0]NO; 182 17512, 8113 18448, 92+11 169+14, 118+30
[DHIQINTf, 227 221+4, 8748 225%3, 9416 22745, 138+16
[DHiQJisoB 226 237+3, 102+7 240+2, 107+6 --C
[DHIQ]Fm 212 22514, 9547 22842, 1016 c
[DHIQIHSO, 246 194+7, 535 20045, 5714 195+10, 69+11
[DHiIQ]MeSO, 228 24343, 9615 24643, 9017 26143, 185+20
[C4Py]HSO, 203 19716, 6916 20214, 7415 20616, 112+15
[C4PyrlHSO, 177 17218, 6216 17916, 6716 16911, 8317
[Comim]HSO, 200 18217, 6416 187%4, 705 176+9, 95+16
[DBU]TFO 211 21047, 8049 21645, 8716 21948, 138+23
[DBUJOAc 229 238+4, 102+9 242+3, 1118 --C
[DBU]MeSO4 232 23944, 88+7 24343, 9546 25415, 88+7
[C4mim]CI¢ 225 22349, 7719 23046, 8517 230£10, 12824
[Cgmim]CI¢ 227 22412, 7313 23042, 7613 23843, 129+12

aThermodynamic fragility calculated from DSC data in ref. 35: [Cymim]PFs: 54+3, [CemPy]NTF,: 1068, [Nyyq 1]JNTF,:

88+9

bl imited temperature window and limited viscosity datapoints

SVFT fitted dynamic fragility > 200 at nq = 1036 Pa s — hence not included.




Table S.4. Experimental data for viscosity against temperature of the ILs carried out for this
work (referred to Table S.2 as “this work”)

Temperature | [Comim]BF, | [Comim]NTf, | [Comim]TfO | [Comim]OAc | [Comim]MeSO;
/K

293.0 36.872 39.717 50.110 204.42 -

298.0 29.502 30.830 40.393 144.31 146.48
303.0 24.964 25.970 34.536 105.72 109.86
308.0 21.578 22.150 28.703 80.649 84.293
313.0 18.434 19.070 25.001 62.495 65.891
318.0 16.117 16.630 21.501 49.553 53.151
323.0 14.105 14.570 18.826 40.006 43.419
328.0 12.532 12.870 16.223 32.967 36.258
333.0 11.129 11.440 14.594 27.564 30.884
343.0 8.992 9.218 11.588 19.030 22.801

Table S.5. Modified-MYEGA and -VFT fitted parameters @ for ILs listed in Table S.4

Temperature [Comim]BF, [Comim]NTf, [Comim]TfO [Comim]OAc [Comim]MeSO;
/K

MYEGA | VFT | MYEGA | VFT | MYEGA | VFT | MYEGA | VFT | MYEGA | VFT

M 79 111 79 109 75 103 84 153 78 133

Tg 172 164 171 163 170 164 197 208 191 198

8Data reported here correspond to log nq = - 2.9, for modified-MYEGA fits and log nq = - 3.9 for modified-VFT fits.




Theory of the MYEGA equation

Phenomenological description of the MYEGA equation has been discussed elsewhere*t-48, briefly
this is discussed below. The starting point of deriving the MYEGA equation is the Adam-Gibbs
equation*6 —

B
logn =logn, + —

TSe i, s.1

This equation relates the viscosity to the configurational entropy S, and B is a constant. In order
to incorporate the glass transition temperature (T4) and dynamic fragility (m) into this equation, T,
is considered to be the temperature where n = 10'? Pa s.4° Meanwhile, m is considered to be the

rate at which the n changes with temperature until T4, so then the m-fragility can be expressed as

dlogn
m=

Gupta and Mauro accounted for a topological model to further advance eq. s.1. In it, they
interpreted the S. based on the approach of Phillips and Thorpe® — which suggests that near the
T4, the glassy dynamics of a material consists of two components — the atomic translational
degrees of freedom and the number of interatomic force variables (i.e., covalent bonds and bond
angles). Upon decreasing temperature, the glass transition maximizes exactly when these two
components become equal of each other. Until then, the S. is dominated by the atomic degrees
of freedom — which was termed to be a “floppy” mode. At floppy mode, a liquid has f > 0, where f
summarizes the number of floppy modes per atom. Following the energy landscape analysis of

Naumis®' and the topological approach of Gupta et al.*8, S; can be written as follows —

S.=f Nkln Q 6.3

Here, N is number of atoms, k is Boltzmann’s constant, and Q is the number of configurations per
floppy mode. Mauro et al.4” accounted for fin that given the atomic network constraints are either

intact or broken, f can be written as —
f=3exp (-7

Where H is an energy barrier between the “on or off” constraints. Putting these values in eq. s.1

gives —



K C
logn =logn, + 7exp (?)

B

K=—— C=
Where 3kInQ considering three translational degrees of freedom per atom, and

=

Eq. s.5 is the original form of the MYEGA equation.

Following the approach of Gupta et al.*8, considering n = 10'2Pa s at Ty and eq. s.2, the dynamic

fragility (m) can be written*8in terms of the floppy mode number f as —

dlnf
m:mo(l aT T—Tg) 36
B
m. =

Where, ’ TgSe at T, for a given material composition. With these expressions of m and n at

T,, the eq. s.5 takes the shape of the modified MYEGA equation according to Mauro et al.4” —

(o)

Similar approach was taken for the modified-VFT equation too, details can be found in Mauro et

al.4’

T
g
logn = logn, + (12 - logn, )?exp

................ s.7

Rewriting the MYEGA equation for structural relaxation time

The modified MYEGA-equation can be written for inverse dc-conductivity as follows —

EERrEa
pll———————1|[2-1
13.5-loga L s.8

Here the work of Sangoro et al.%? on universal scaling of IL charge transport was based upon to

T
logo~! = log a"al + (13.5 -logo _al )?gex

-1
arbitrarily assign the logarithm of dc-resistivity at Tg, log o’y = 13.5 cm S-; the logarithm of dc-

log O'_al =18

resistivity at infinite temperature was arbitrarily considered to be cm S, implying

-1
the dc-resistivity at infinitely high temperature be essentially zero (¢ « ~ 0.01).

Standard deviation of fitted-Tgs and m-fragilities



Each of the IL m-fragilities and Tgs listed in Table S.3 include respective standard deviation
values. They may be seen as crude “standard deviation” thresholds. The following approach was
taken (described for MYEGA fits but equally applicable for modified-VFT fits) —

For each of the MYEGA fits, the infinite temperature viscosity, n,, was taken as 10203 Pa s in
line with the estimation of reference 19 of the main text [Phys. Rev. B, 2011, 83, 212202]. This
means that for each of the ILs, the m and T, were estimated three times using three different ng
values 102¢, 102, and 1032 Pa s. Each of the MYEGA-fitted m and T, values reported in the
Table S.3 is an average on these three m and Tgs. The standard deviation involving the m and
T4s were then simply calculated using the three m and T, values respectively using the following

equation —

stanard deviation =

Due to the sample size being small (n = 3), these standard deviation values should be taken as

only a qualitative indication of the following two aspects -

- how close the equation can reach in terms of precisely predicting the T4 and, in turn,
assess the m.

- the extent of sensitivity of the fitted m at the change of n,. Table S.3 would suggest that
some IL fragilities and fitted T4s are highly sensitive to the change of n,, when the others

are not.

The same approach was followed for the modified-VFT fitted mean m and Tgs as well as the
standard deviations (and for the MYEGA-fits at n, = 1027202 Pa s too). The Table S.3 also
suggests that the standard deviation of m and T4 mostly favours towards the modified MYEGA-
fits. Please note, this approach was not followed for the original VFT-fits (Table 1 of the main

text) - see the main text for the related discussions.
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